(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 




IIIIIIIIIIIIIIIIIIIIIIIIIIIIH 



(43) International Publication Date (10) International Publication Number 

2 September 2004 (02.09.2004) PCT WO 2004/074502 A2 



(51) International Patent Classification 7 : 



C12Q 



(21) International Application Number: 

PCT/GB 2004/0000 18 

(22) International Filing Date: 8 January 2004 (08.01.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

0303730.6 



18 February 2003 (18.02.2003) GB 



(71) Applicant (for all designated States except US): CIPLA 
LTD [IN/IN]; 289 Bellasis Road, Mumbai Central, Mum- 
bai 400 008 (IN). 

(71) Applicant (for MW only): WAIN, Christopher, Paul 
[GB/GB] ; A A Thornton & Co, 235 High Holborn, London 
WC1V 7LE (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KANKAN, Ra- 
jendra, Narayanrao [IN/IN]; A-3/5, NBD Society, NSS 
Road, Ghatkopar (West), Mumbai 400 084, Maharashtra 



(IN). RAO, Dharmaraj, Ramachandra [IN/IN]; 4/403 
Garden Enclave, Pokharan Road 2, Thane West, Mumbai 
400 601, Maharashtra (IN). 

(74) Agents: WAIN, Christopher, Paul et al.; A A Thornton 
& Co, 235 High Holbon, London WC1V 7LE (GB). 

(81) Designated States ( unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW 

(84) Designated States ( unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, 

[ Continued on next page J 



(54) Title: A PROCESS OF PREPARING IMATINIB AND IMATINIB PREPARED THEREBY 



IT) 




(nHHal) 



^5 (57) Abstract: A process of preparing imatinib, either as the free base or as an acid addition salt, which process comprises reacting 
C^> N-(2-methyl-5-aminophenyl-4-(3-pyridyl)-2-pyrimidine amine of formula (II) with a 4-(4-methyl-piperazino methyl)benzoyl halide 
of formula (III) in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatini formula (I) where n represents 
1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo, either in anhydrous or hydrated form, which can as desired optionally be 
further conve either to the free base or a further acid addition salt. The present invention is also concerned with imatinib prepared 
according to the above process. 



WO 2004/074502 A2 I lllll llllllll II llllll Mill lllll lllll 111 I II III lllll lllll lllll lllll lllll Mil lllllll llll llll llll 



TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/074502 



PCT/GB2004/000018 



A PROCESS OF PREPARING IMATINIB AND IMATINIB PREPARED THEREBY 

The present invention is concerned with a process of preparing imatinib, either as the free 
base or as acid addition salts thereof, and also such imatinib free base and imatinib acid 
addition salts prepared by the process of the present invention. 

Imatinib is the international non-proprietary name for N-{5-[4-(4-methyl piperazine methyl> 
benzoylamido]-2-methylphenyl}-4-(3~pyridyl>2-pyrimidine amine. 

EP 0564409 describes the preparation of imatinib and the use thereof, especially as an anti- 
tumour agent. In particular, Example 21 describes the preparation of imatinib free base. 
There is no specific preparation of an imatinib salt in EP 0564409. 

The synthesis of imatinib mesylate is described in WO 99/03854. WO 99/03854 describes 
preparation of imatinib mesylate from imatinib free base, the preparation of the latter being 
referred to above mentioned EP 0564409. 

The prior art synthesis of imatinib in EP 0564409 involves reduction of (2-methyl-5- 
nitrophenyl)-6-pyrid^ of formula (TV) to yield N- 

(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II), followed by 
amidation involving N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyriinidine amine of 
formula (II) with 4-(4-methyl-piperazino methyl)benzoyl chloride of formula (Ilia). In the 
prior art processes described in EP 0564409, the reduction reaction is usually carried out in 
presence of palladium catalyst under hydrogenation conditions. The condensation is carried 
out in presence of a base, such as pyridine, triethylamine or the like. The benzoyl chloride of 
formula (Ilia) is usually obtained as the dihydrochloride and used as such for the amidation 
step, and further an equivalent of hydrochloric acid is released during the reaction of N-(2- 
methyl-5-aminophenyl-4-(3-pyridyl)-2-pyrimidine amine of formula (II) with the benzoyl 
chloride of formula (Ilia). Hence, a person skilled in the art would be expected to use a base 
as a scavenger for the acid released during the reaction and also to neutralize the benzoyl 
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chloride of formula (Ilia) prior to reaction with N-(2-metliyl-5-.aminophenyl-4-(3«-pyridyl>2- 
pyrimidine amine of formula (II). 

We have found the above reaction as described in the above mentioned prior art to be 
unsatisfactory, whereby the reduction by hydrogenation involved large volumes of solvent, 
took long hows and gave a low yield (40 — 45%). The condensation reaction was also slow, 
gave rise to undesirable side products, and involved tedious work-up procedures. Use of a 
solvent such as pyridine in the last step was found to be undesirable, since it was difficult to 
remove residual traces thereof from the final product. Due to the additional purification steps 
required for removal of impurities in the process, the yield of the product was found to be 
low. 

We have-now found a surprisingly simple process for the preparation of imatinib, which 
process provides an improved reduction step of (2-methyl-5-nitrophenyl)-6-pyridin-3-yH ? 6- 
dihydro-pyrimidine-2-yl>amine of formula (IV) to N-(2-methyl-5-aminophenyl-4-(3- 
pyridyl)-2-pyrimidine amine of formula (II) and an improved amidation step of N~(2-methyl- 
5 -aminophenyl~4-(3 -pyridyl)~2-pyrimidine amine of formula (II) with a benzoyl halide of 
formula (III), which preparation overcomes the problems associated with the prior art 
method. 

There is provided by the present invention, therefore, a process of preparing imatinib, either 
as the free base or as an acid addition salt, which process comprises reacting N-(2~methyl-5- 
aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II) with a 4-(4-methyl-piperazino 
methyl)benzoyl halide of formula (III) 
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(nHHal) 



Me 

in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of 
formula (I) where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo (in 
particular bromo or chloro, and especially chloro), either in anhydrous or hydrated form (in 
particular a hydrobromide or hydrochloride, and especially a hydrochloride), which can as 
desired optionally be further converted either to the free base or a further acid addition salt. 
A specific hydrochloride salt of imatinib of formula (I) prepared according to the present 
invention is imatinib trihydrochloride monohydrate. 

In a preferred embodiment of the present invention, therefore, there is provided a process of 
preparing imatinib, either as the free base or as an acid addition salt, which process comprises 
reacting N-(2-methyl-5-aminophenyl-4-(3-pyridyL)-2~pyrimidine amine of formula (II) with 
4-(4-methyl-piperazino methyl)benzoyl chloride of formula (Ilia) 
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Me 



in the presence of an inert organic solvent, so as to yield an imatinib hydrohalide salt which is 
a hydrochloride salt of imatinib of formula (la) where n represents 1, 2 or 3, either in 
anhydrous or hydrated form, which can as desired optionally be further converted either to 
the free base or a further acid addition salt. A specific hydrochloride salt of imatinib of 
formula (la) prepared according to the present invention is imatinib trihydrochloride 
monohydrate. 

There is also provided by the present invention a hydrohalide salt of imatinib of formula (I) 
either in anhydrous or hydrated form 
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| (nHHal) 
Me 

where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo, in particular 
where the imatinib hydrohalide salt of formula (I) is a hydrobromide or hydrochloride salt of 
imatinib. 

Particularly, the present invention provides a hydrochloride salt of imatinib of formula (la) 
either in anhydrous or hydrated form 




| (nHCl) 
Me 

where n represents 1, 2 or 3. 

A specific hydrochloride salt of imatinib prepared according to the present invention is 
imatinib trihydrochloride monohydrate. 
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The present invention also provides a hydrohalide salt of imatinib of formula (I) either in 
anhydrous or hydrated form obtained by a process substantially as hereinbefore described 




| (nHHal) 
Me 

where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo, in particular 
where the imatinib hydrohalide salt of formula (I) is a hydrobromide or hydrochloride salt of 
imatinib. 

Particularly, the present invention provides a hydrochloride salt of imatinib of formula (la) 
either in anhydrous or hydrated form (especially imatinib trihydrochloride monohydrate) 
obtained by a process substantially as hereinbefore described 




| (nHCl) 
Me 

where n represents 1, 2 or 3. 
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Suitably a hydrohalide salt of imatinib of formula (I), in particular a hydrobromide or 
hydrochloride salt of imatinib, and especially a hydrochloride salt of imatinib of formula (la), 
substantially as hereinbefore described can be employed as an intermediate in the preparation 
of imatinib free base or a further acid addition salt of imatinib, such as imatinib mesylate 
substantially as hereinafter described in greater detail. 

By "inert organic solvent" is meant an organic solvent, which under the reaction conditions 
of a process according to the present invention, does not enter into any appreciable reaction 
with either the reactants or the products. A suitable inert organic solvent for use in a process 
according to the present invention can be selected from the group consisting of 
dimethylformamide, dimethyl acetamide, N-methyl pyrrolidone, sulfolane, diglyme dioxane, 
tefrahydrofuran and other inert organic solvents known in the art. A particularly suitable 
inert organic solvent for use in the above process according to the present invention is 
dimethylformamide. 

It will be appreciated from the above that the above process step does not employ a scavenger 
base for the reaction as is taught by the prior art, but is carried out under mild conditions 
whereby very little by-products are produced in the reaction. The work-up of the above 
process step is very easy and the product is filtered from the reaction mass as a hydrohalide 
salt of formula (I). The isolation of imatinib as a hydrohalide salt is a method of purification 
of the product. Furthermore, the above process is suitable for large-scale production and is 
economical to operate. 

In the case where a hydrohalide salt of imatinib of formula (I), especially a hydrochloride salt 
of imatinib of formula (la), is converted to imatinib free base employing a process according 
to the present invention, suitably the imatinib hydrohalide salt of formula (I) can be treated 
with a suitable base so as to yield imatinib free base. A process according to the present 
invention may further comprise converting a hydrohalide salt of imatinib of formula (I) ? 
especially a hydrochloride salt of imatinib of formula (la), to a further acid addition salt of 
imatinib suitably by treatment of imatinib free base prepared as above, with an appropriate 
amount of an acid. Preferably methane sulphonic acid is employed so as to yield imatinib 
mesylate by a process according to the present invention. 
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In a preferred aspect of the present invention, there is provided a process of preparing 
imatinib free base, which process comprises reacting N-(2-methyl-5-aminophenyl-4-(3- 
pyridyl>2-pyrimidine amine of formula (II) with a 4-(4-methyl-piperazino methyl)benzoyl 
halide of formula (III) 




Me 



in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of 
formula (I) where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo (in 
particular bromo or chloro, and especially chloro), either in anhydrous or hydrated form (in 
particular a hydrobromide or hydrochloride, and especially a hydrochloride, typically 
imatinib trihydrochloride monohydrate), and further converting the resulting hydrohalide salt 
of imatinib of formula (I) to imatinib free base. Typically the conversion comprises 
treatment of the imatinib hydrohalide salt of formula (I) with a suitable base so as to yield 
imatinib free base substantially as hereinbefore described. 
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In a preferred aspect of the present invention, there is provided a process of preparing 
imatinib free base, which process comprises reacting N-(2-methyl-5-aminophenyl-4-(3- 
pyridyl>2-pyrimidine amine of formula (II) with 4-(4-methyl-piperazino methyl)benzoyl 
chloride of formula (Ilia) 




Me 



in the presence of an inert organic solvent, so as to yield an imatinib hydrohalide salt which is 
a hydrochloride salt of imatinib of formula (la) where n represents 1, 2 or 3, either in 
anhydrous or hydrated form (typically imatinib trihydrochloride monohydrate), and further 
converting the resulting hydrochloride salt of imatinib of formula (la) to imatinib free base. 
Typically the conversion comprises treatment of the imatinib hydrochloride of formula (la) 
with a suitable base so as to yield imatinib free base substantially as hereinbefore described. 

There is, therefore, further provided by the present invention imatinib free base obtained by a 
process according to the present invention substantially as hereinbefore described. 
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The present invention also provides a process of preparing an acid addition salt of imatinib, 
which process comprises reacting N-(2-methyl-5-aminophenyl-4-(3-pyridyl)-2-pyrimidine 
amine of formula (II) with a 4-(4-methyl-piperazino methyl)benzoyl halide of formula (III) 




(nHHal) 



Me 

in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of 
formula (I) where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo (in 
particular bromo or chloro, and especially chloro), either in anhydrous or hydrated form (in 
particular a hydrobromide or hydrochloride, and especially a hydrochloride, typically 
imatinib trihydrochloride monohydrate), which is further converted to a further acid addition 
salt. Typically the conversion comprises treating a hydrohalide salt of imatinib of formula (I) 
either in anhydrous or hydrated form (in particular a hydrobromide or hydrochloride, and 
especially a hydrochloride), with a suitable base so as to yield imatinib free base substantially 
as hereinbefore described and subsequently treating imatinib free base with a further acid 
(typically methane sulphonic acid) so as to yield a further acid addition salt of imatinib 
(typically imatinib mesylate). 
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Preferably, the present invention provides a process of preparing an acid addition salt of 
imatinib, which process comprises reacting N-(2-methyl-5-aminophenyl-4-(3-pyridyl)-2- 
pytimidine amine of formula (II) with 4-(4-methyl-piperazino methyl)benzoyl chloride of 
formula (Ilia) 




Me 



in the presence of an inert organic solvent, so as to yield an imatinib hydrohalide salt which is 
a hydrochloride salt of imatinib of formula (la) where n represents 1, 2 or 3, either in 
anhydrous or hydrated form (typically imatinib trihydrochloride monohydrate), which is 
further converted to a further acid addition salt. Typically the conversion comprises treating 
a hydrochloride salt of imatinib of formula (la) with a suitable base so as to yield imatinib 
free base substantially as hereinbefore described and subsequently treating imatinib free base 
with a further acid (typically methane sulphonic acid) so as to yield a further acid addition 
salt of imatinib (typically imatinib mesylate). 
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The present invention further provides an acid addition salt of imatinib prepared by a process 
according to the present invention substantially as hereinbefore described. The acid addition 
salt provided by the present invention can be an imatinib hydrochloride salt of formula (la) 
either in anhydrous or hydrated form substantially as hereinbefore described (typically 
imatinib trihydrochloride monohydrate), or imatinib mesylate suitably obtained from an 
imatinib hydrochloride salt of formula (la) either in anhydrous or hydrated form via imatinib 
free base again substantially as hereinbefore described. 

A process according to the present invention preferably further comprises preparation of N- 
(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II) from (2-methyl- 
5-nitrophenyl)-6-pyridin-3-yl-l,6-dihydro-pyrimidine-2-yl)-amine of formula (IV) 




which process is carried out in the presence of a chemical reducing agent suitably in acidic 
solution, or more particularly where the chemical reducing agent comprises a metal or metal 
salt, and where a particularly preferred process according to the present invention is carried 
out in the presence of stannous chloride and hydrochloride acid. 

It will be appreciated that a process according to the present invention does not employ 
hydrogenation, but a chemical reduction process preferably with stannous chloride, which 
results in improved yields (65- 70%), less use of solvents and improved purity. 

A process according to the present invention can suitably be illustrated as follows: 
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j (nHHal) 
Me 

wherein the reduction of (2-methyl-5-mtrophenyl^ 

yl)-amine of formula (IV) to yield N~(2-methyl-5-aminophenyl-4-(3-pyridyl)-2-pyrimidine 
amine of formula (II) is carried out in the presence of a chemical reducing agent and the 
reaction of N-(2-methyl-5-aminophenyl-4-(3-pyridyl)-2-pyrimidine amine of formula (II) 
with a 4-(4-me(hyl-piperazino methyl)benzoyl halide of formula (III) is carried out in the 
presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of formula 
(I) where n and Hal are substantially as hereinbefore described, either in anhydrous or 
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hydrated form, which can as desired optionally be further converted either to the free base or 
a further acid addition salt substantially as hereinbefore described. 

A preferred such process according to the present invention can be as follows: 




Me 

wherein the reduction of (2-methyl-5-nitrophenyl)-6-pyridin-3-yl-l 5 6-dihydro-pyrimidino-2-" 
yl)-amine of formula (IV) to yield N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine 
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amine of formula (II) is carried out in tfie presence of a chemical reducing agent and the 
reaction of N-(2-methyl-5~aminophenyl-4-(3-pyridyl)-2-pyrimidine amine of formula (II) 
with 4-(4-methyl-piperazino methyl)benzoyl chloride of formula (Ilia) is carried out in the 
presence of an inert organic solvent, so as to yield a hydrochloride salt of imatinib of formula 
(la) where n is substantially as hereinbefore described either in anhydrous or hydrated form, 
which can as desired optionally be ftirther converted either to the free base or a further acid 
addition salt substantially as hereinbefore described. 

Imatinib, either as the free base or as an acid addition salt, according to the present invention, 
is particularly suitable for use as an antineoplastic as described in further detail in prior art 
document WO99/03854, There is further provided by the present invention, therefore, a 
pharmaceutically acceptable composition comprising an effective amount of imatinib 
substantially as hereinbefore described, together with a pharmaceutically acceptable carrier, 
diluent or excipient therefor. 

The term "effective amount" as used herein means an amount of imatinib which is capable of 
preventing, ameliorating or eliminating a disease state, in particular tumour disease, for 
which administration of an antineoplastic is indicated. Typically imatinib is employed so as 
exhibit antiproliferative and especially tumour inhibiting efficacy. 

By "pharmaceutically acceptable composition" is meant that the carrier, diluent or excipient 
must be compatible with imatinib and not be deleterious to a recipient thereof. Suitable 
pharmaceutically acceptable compositions according to the present invention can be those 
suitable for topical, enteral, for example oral or rectal, or parenteral administration and may 
be solid or liquid. Especially tablets or gelatin capsules containing imatinib substantially as 
hereinbefore described together with adjuvants or diluents, can be used for oral 
administration. Solutions for injection may also be prepared according to the present 
invention by dissolving imatinib substantially as hereinbefore described in a solvent for 
injection and suitable additives conventionally used in the art may also be added. 

It is also known from WO99/03854 that imatinib mesylate can prevent the development of 
multidrug resistance in cancer therapy with other antitumour agents or abolishes a pre- 
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existing resistance to other antitumour agents. There is also provided by the present 
invention, therefore, a product containing imatinib, either as the free base or an acid addition 
salt substantially as hereinbefore described, and a further antitumour agent, for simultaneous, 
separate or sequential use in the treatment of tumour disease. 

The present invention further provides imatinib, either as the free base or an acid addition salt 
substantially as hereinbefore described, for use in the manufacture of a medicament for the 
treatment of a disease state prevented, ameliorated or eliminated by the administration of an 
antineoplastic. 

The present invention also provides a method of treating a disease state prevented, 
ameliorated or eliminated by the administration of an antineoplastic in an animal patient in 
need of such treatment, in particular tumour disease, which process comprises administering 
to the patient an effective amount of imatinib substantially as hereinbefore described. In 
particular such methods according to the present invention can comprise use of imatinib for 
treatment of tumours, such as gliomas, ovarian tumours, prostate tumours, colon tumours and 
tumours of the lung, such as especially small cell lung carcinoma and tumours of the breast or 
other gynaecological tumours. Depending on the species, age, individual condition, mode of 
administration and the clinical picture in question, effective doses, for example daily doses of 
about l-2500mg, typically l-1000mg, more typically 5-500mg, can be administered. 

The present invention will now be further illustrated by reference to the following 
Intermediates and Examples, which do not limit the scope of the invention in any way. 

Intermediates 

Preparatio n of f2-methvl-5-aminophenvl)-6- 
amine 

(2-methyl-5-mfrophenyl)-6-^ (25 gms) was 

dissolved in tetrahydrofuran (250 ml). To this stannous chloride (90 gms) was added and 
heated to 60°C for 4 hours. The reaction was cooled and filtered. The solids were dissolved 
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in water, basified and extracted in ethylacetate. The organic layer was concentrated to give 
the title compound as a yellow colored solid. 

Preparation of (2'methvl-5"aminophenvlV6-(pyridin--3-Yl-l .6-dihydro-pyrimidine-2-vlV 
amine 

(2-methyl-5-nitrophenyl)-6-(p>^ (25 gms) was 

suspended in water (200 ml) and 200 ml of concentrated hydrochloric acid. To this stannous 
chloride (75 gms) was added and heated to 50°C for 2 hours. The reaction was cooled and 
neutralized with sodium hydroxide. The solids were filtered. The solids were extracted with 
ethyl acetate. The organic layer was concentrated to give the title compound as a yellow 
colored solid. 

Examples 
Example 1 

Preparation of N-i5-[4-(4-methvl piperazine methvlVbenzovlamido]-2-methylphenyl}-4-(3~ 
pyridylV2-pyrimidine amine hydrochloride (Imatinib trihydrochloride monohydrate) 

N-(2-methyl-5-aminophenyl-4-(3-pyridyl)-2-pyrimidine amine 5.0 g was suspended in 
dimethyl formamide (25 ml). To this was added under stirring, 4-(4-methyl-piperazino 
methyl)benzoyl chloride dihydrochloride (7.5 gms). The reaction mixture was heated under 
nitrogen for 15 hours at 70°C. After completion of the reaction, the reaction mixture was 
cooled to 20°C, stirred for 2 hours and filtered. The product obtained was dried under 
vacuum at 60°C for 6 hours to give the title compound (6 gms), as a pale yellow solid. 

Example 2 

N-f5-[4-(4 -methyl piperazinem 

pvrimidine amine free base (Imatinib free base) 

N- {5-[4-(4-methyl piperazine methyl)-benzoylamido]-2-methylphenyl}-4--(3-pyridyl)-2-- 
pyrimidine amine trihydrochloride (25 gms) as prepared by Example 1 was dissolved in 100 
ml of water, treated with charcoal and filtered. The pH of the clear filtrate was adjusted to 
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about 10 with aq. ammonia. The precipitated solids were filtered and dried under vacuum to 
give the title compound. 

Example 3 

N-{5-[4-(4-methyl piperazine methyl>benzoylamido1-2-me 
pyrimidine amine mesylate (Imatinib mesylate) 

N- {5-[4-(4-methyl piperazine methyl)-benzoyiamido]-2-methylphenyl}-4-(3-pyridyl)-2- 
pyrimidine amine free base (50 gms) was suspended in isopropanol (500 ml). Methane 
sulphonic acid (9.85 gms) was added and the reaction mixture was refluxed for 2 hours. The 
reaction mixture was concentrated to about 100 ml volume, cooled and the product isolated to 
the title compound as the mesylate salt. (55 gms). 
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CLAIMS 

L A process of preparing imatinib, either as the free base or as an acid addition salt, 
which process comprises reacting N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine 
amine of formula (II) with a 4-(4-methyl-piperazino methyl)benzoyl halide of formula (III) 




Me 



in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of 
formula (I) where n represents 1, 2 or 3 and Hal represents bromo, chloro, fluoro or iodo, 
either in anhydrous or hydrated form which can as desired optionally be further converted 
either to the free base or a further acid addition salt, 

2. A process according to claim 1, wherein Hal represents bromo or chloro, and whereby 
the imatinib hydrohalide salt prepared is a hydrobromide or hydrochloride salt of imatinib. 
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3. A process according to claim 2, wherein Hal represents chloro, and whereby the 
imatinib hydrohalide salt prepared is a hydrochloride salt of imatinib. 

4. A process according to claim 3, wherein the imatinib hydrohalide salt prepared is 
imatinib trihydrochloride monohydrate. 

5. A process of preparing imatinib, either as the free base or as an acid addition salt, 
which process comprises reacting N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine 
amine of formula (II) with 4~(4-methyl-piperazino methyl)benzoyl chloride of formula (Ilia) 




(nHCl) 



in the presence of an inert organic solvent, so as to yield an imatinib hydrohalide salt which is 
a hydrochloride salt of imatinib of formula (la) where n represents 1, 2 or 3, either in 
anhydrous or hydrated form, which can as desired optionally be further converted either to 
the free base or a further acid addition salt. 
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6. A process according to claim 5, wherein the imatinib hydrohalide salt prepared is 
imatinib trihydrochloride monohydrate. 

7. A process according to any of claims 1 to 6, wherein said inert organic solvent is 
selected from the group consisting of dimethylformamide, dimethyl acetamide, N-methyl 
pyrrolidone, sulfolane, diglyme dioxane and tetrahydrofuran. 

8. A process according to claim 7, wherein said inert organic solvent comprises 
dimethylformamide. 

9. A process according to any of claims 1 to 8, wherein the imatinib hydrohalide salt is 
treated with a base so as to yield imatinib free base. 

10. A process according to claim 9, wherein said imatinib free base is treated with an acid 
so as to yield a further acid addition salt of imatinib. 

11. A process according to claim 10, wherein said imatinib free base is treated with 
methane suiphonic acid so as to yield imatinib mesylate. 

12. A process of preparing imatinib free base, which process comprises reacting N-(2- 
methyl~5-aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II) with a 4-(4-methyl- 
piperazino methyl)benzoyl halide of formula (III) 
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(nHHal) 



Me 

in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of 
formula (I) where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo, 
either in anhydrous or hydrated form and further converting the resulting hydrohalide salt of 
imatinib to imatinib free base. 

13. A process according to claim 12, wherein Hal represents bromo or chloro, and 
whereby the imatinib hydrohalide salt prepared is a hydrobromide or hydrochloride salt of 
imatinib. 

14. A process according to claim 13, wherein Hal represents chloro, and whereby the 
imatinib hydrohalide salt prepared is a hydrochloride salt of imatinib. 

15. A process according to claim 14, wherein the imatinib hydrohalide salt prepared is 
imatinib trihydrochloride monohydrate. 
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16. A process of preparing imatinib free base, which process comprises reacting N-(2- 
methyl-5-aimnophenyl-4-(3-py^ amine of formula (II) with 4-(4-methyl- 

piperazino methyl)benzoyl chloride of formula (Ilia) 




Me 



in the presence of an inert organic solvent, so as to yield a hydrochloride salt of imatinib of 
formula (la) where n represents 1, 2, or 3, and further converting the resulting hydrochloride 
salt of imatinib to imatinib free base. 

17. A process according to any of claims 12 to 16, which comprises treating the imatinib 
hydrohalide salt prepared with a base so as to yield imatinib free base. 

18. A process of preparing an acid addition salt of imatinib, which process comprises 
reacting N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2~pyrimidiiie amine of formula (II) with a 
4-(4-methyl-piperazino methyl)benzoyl halide of formula (III) 
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(nHHai) 



in the presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of 
formula (I) where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo, 
either in anhydrous or hydrated form which is further converted to a further acid addition salt. 

19. A process according to claim 18, wherein Hal represents bromo or chloro, and 
whereby the imatinib hydrohalide salt prepared is a hydrobromide or hydrochloride salt of 
imatinib. 

20. A process according to claim 19, wherein Hal represents chloro, and whereby the 
imatinib hydrohalide salt prepared is a hydrochloride salt of imatinib. 

21. A process according to claim 20, wherein whereby the imatinib hydrohalide salt 
prepared is imatinib trihydrochloride monohydrate. 
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22. A process of preparing an acid addition salt of imatinib, which process comprises 
reacting N-(2-methyl-5-aminophen^ amine of formula (II) with 

4-(4-methyl-piperazino methyl)benzoyl chloride of formula (Ilia) 




(nHCl) 



Me 

in the presence of an inert organic solvent, so as to yield an imatinib hydrohalide salt which is 
a hydrochloride salt of imatinib of formula (la) where n represents 1, 2 or 3, either in 
anhydrous or hydrated form, which is further converted to a further acid addition salt. 

23, A process according to any of claims 18 to 22, which comprises treating the imatinib 
hydrohalide salt with a base so as to yield imatinib free base and subsequently treating 
imatinib free base with an acid. 

24. A process according to claim 23, which comprises treating imatinib free base with 
methane sulphonic acid so as to yield imatinib mesylate. 
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25. A process according to any of claims 1 to 24, which further comprises preparing N- 
(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II) from (2-methyl- 
5-nitrophenyl)-6-pyridin-3-yl-l,6-dihydro-pyrimidine-2-yl)-am of formula (IV) 




which process is carried out in the presence of a chemical reducing agent. 



26. A process according to claim 25, wherein the chemical reducing agent comprises a 
metal or metal salt. 

27. A process according to claim 26, which is carried out in the presence of stannous 
chloride and hydrochloride acid. 

28 . A process illustrated by the following scheme: 
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Me 



wherein the reduction of (2-methyl-5-nitrophenyl)^ 
yl)-amine of formula (IV) to yield N-(2~methyl-5-ammopheny 

amine of formula (II) is carried out in the presence of a chemical reducing agent and the 
reaction of N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II) 
with a 4-(4-methyl-piperazino methyl)benzoyl halide of formula (III) is carried out in the 
presence of an inert organic solvent, so as to yield a hydrohalide salt of imatinib of formula 
(I) where n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo, either in 
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anhydrous or hydrated form, which can as desired optionally be further converted either to 
the free base or a further acid addition salt. 

29. A process according to claim 28, wherein Hal represents bromo or chloro, and 
whereby the imatinib hydrohalide salt prepared is a hydrobromide or hydrochloride salt of 
imatinib. 

30. A process according to claim 29, wherein Hal represents chloro, and whereby the 
imatinib hydrohalide salt prepared is a hydrochloride salt of imatinib. 

31. A process according to claim 30, whereby the imatinib hydrohalide salt prepared is 
imatinib trihydrochloride monohydrate. 

32. A process illustrated by the following scheme: 
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Me 



wherein the reduction of (2-methyl-5-mtropheny^^ 

yl)-amine of formula (IV) to yield N<2~methyl-5-aminophenyl-4-(3^ 

amine of formula (II) is carried out in the presence of a chemical reducing agent and the 

reaction of N-(2-methyl-5-aminophenyl-4-(3-pyridyl>2-pyrimidine amine of formula (II) 

with 4-(4-methyl-piperazino methyl)henzoyl chloride of formula (Ilia) is carried out in the 

presence of an inert organic solvent, so as to yield a hydrochloride salt of imatinib of formula 



WO 2004/074502 



PCT/GB2004/000018 



30 



(la) where n represents 1, 2 or 3 either in anhydrous or hydrated form, which can as desired 
optionally be further converted either to the free base or a further acid addition salt. 

33. A hydrohalide salt of imatinib of formula (I) either in anhydrous or hydrated form: 




j (nHHal) 
Me 



wherein n represents 1, 2 or 3 and Hal represents bromo, chloro fluoro or iodo. 

34 A hydrochloride salt of imatinib of formula (la) either in anhydrous or hydrated form: 

H MO 1/ 




(nHCl) 



where n represents 1, 2 or 3. 

35. Imatinib trihydrochloride monohydrate. 
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36. An acid addition salt of imatinib prepared by a process according to any of claims 1 to 
32. 



37. A hydrochloride salt of imatinib of formula (la) 




j (tiHCi) 
Me 

where n represents 1, 2 or 3, either in anhydrous or hydrated form, prepared by a process 
according to any of claims 1 to 32. 

38. Imatinib trihydrochloride monohydrate prepared by a process according to any of 
claims 1 to 32. 

39. Imatinib mesylate prepared by a process according to any of claims 1 to 32. 

40. Imatinib free base prepared by a process according to any of claims 1 to 32. 

41. A pharmaceutically acceptable composition comprising an effective amount of 
imatinib according to any of claims 33 to 40, together with a pharmaceutically acceptable 
carrier, diluent or excipient therefor. 

42. A product containing imatinib according to any of claims 33 to 40 and a further 
antitumour agent, for simultaneous, separate or sequential use in the treatment of tumour 
disease. 
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43. Imatinib according to any of claims 33 to 40, for use in the manufacture of a 
medicament for the treatment of a disease state prevented, ameliorated or eliminated by the 
administration of an antineoplastic. 

44. A method of treating a disease state prevented, ameliorated or eliminated by the 
administration of an antineoplastic in an animal patient in need of such treatment, in 
particular tumour disease, which process comprises administering to the patient an effective 
amount of imatinib according to any of claims 33 to 40. 



